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ABSTRACT 
 
Tellurite glasses optical fibers became promising for optical amplifiers due to its high rare earth ions solubility. One 
of the most important parameter for optical amplification is the lifetime of the excited states, which strongly depends 
on the crystal field around the ions. That crystal field changes dramatically with the host glass and with rare earth 
concentration. Excited state lifetime studies have been performed on Er3+-doped-TeO2-WO3-Na2O-Nb2O5 glass 
system. Therefore, we decided to study the Er3+ excited states lifetimes and compared with the Judd-Ofelt theory 
predictions. We measured only the 4I13/2 to 4I15/2 transitions lifetimes. The other transitions lifetimes can be inferred 
by knowing the Ω2, Ω4, Ω6 Judd-Ofelt parameters. These parameters were calculated with the electric-magnetic 
dipole transition oscillator strength for the desired excited levels and ground state obtained from the optical 
absorption spectra. After performing this calculation we estimated that maximum quantum efficiency (η), 
measured/calculated lifetimes ratio, would be achieved at 7500ppm (%wt) Er3+ content. 
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1 INTRODUCTION 
 
Due to the fact that the Er3+ emission luminescence intensity around 1,5µm have a direct dependence with lifetime, a 
knowledge of the behavior of the 4I13/2 level lifetime in the diverse host is necessary, in order to obtain a net gain.  
One mechanism that reduces the lifetime of an excited state is the broadening of line emission spectral [1]. This 
mechanism type is observed when is compared the luminescence lifetime in different host, as an example, the 4I13/2 
level lifetime in silica glass, which is greater than 10ms, with 4I13/2 level lifetime in tellurite glass, which is leaser 
than 10ms. Therefore the bandwidth of emission luminescence in silica glass is smaller than tellurite glass. The 
lifetime of an excited state is governed by a combination of probabilities for all possible radiative and nonradiative 
transitions [2]. In this work we presented calculations of lifetime for radiative transitions of 4I13/2 level from the 
theory of Judd-Ofelt, as well observed lifetime [3-4]. For each band was experimentally calculated the oscillator 
strength using the equation (2) where ν is the frequency, c is the light velocity, e is the electron charge, n is the 
medium refractive index, σ is the cross section in cm2 and m is the electron mass. 
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Here C is the Er3+ concentration in ions/cm3, L is the sample thickness, Na is the Avogadro number, χf is the molar 
fraction of Er2O3 (mol%), ρ is the density, and TM  is the molecular total weight. Equations (1) and (2) were used 
particularly to calculate the oscillator strength of the upper transitions to the excited state 4I 13/2. 
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Here Ωλ are the parameters, J-O and U(λ) are the elements of the reduced matrix for Er3+, which were get from Ref. 
[5] and ν  is the average band frequency(cm-1). The spontaneous emission probability A is calculated using the 
expression: 
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Here S is the line strength magnetic dipole (Smd) or line strength electric dipole (Sed) and 
9/)2( 22 +== nnedχχ  or 3nmd == χχ  [5-6]. The radiative lifetime τ of an excited state i is calculated 
using the expression. 
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In this expression the summation is over electric and magnetic dipole transitions to all terminal states j. 
 
 
2 EXPERIMENTAL 
 
 
Mixture of tellurite glasses in the proportion 70TeO2- 19WO3-7Na2O-4Nb2O5 (%mol) with E2O3 concentrations 
between 1000ppm – 10000ppm (%wt) were melting in Pt crucibles during 30 min and a RF induction furnace was 
used for such purpose. Refractive index measurements of the glass samples were made in a Metricom 2010 
equipment, which is equipped with lasers 632.8, 1305.4 and 1536 nm of wavelength. Density measurements were 
using Archimed’s principle and the liquid used for such purpose was distilled water, as well as a scale with a 
precision of ±0,0001g.  The transmittance spectra were made with one spectrophotometer Perkin Elmer Lambda 9 in 
the 300 - 2000nm range. Lifetime measurements were done using a 980nm modulated diode laser (46mW), a 
InGaAs fast response (ThorLabs model PDA400) detector, a bandwidth centered at 1550nm band pass filter (model 
05LF30-1550), and a data acquisition TDS 1012 Tektronix oscilloscope. A computer through serial port RS232 was 
used for captured the oscilloscope luminescence data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Set-up experimental for lifetime measurements of 4I13/2 to 4I15/2 transition in Er3+-doped tellurite glasses. 
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 3 RESULTS AND DISCUSSIONS 
 
 
From the absorption spectra are obtained cross section absorption data in wavelength function for the 
different Er3+ ions concentrations and one of these absorption spectra is shown in the figure 2. Using the 
experimental and theoretical equations of dipole electric-magnetic oscillator strength, and each bands of these 
excited levels (4I13/2, 4I 11/2,   4I 9/2, 4F9/2, 2S 3/2, 2H 11/2, 4F 7/2, 4F 5/2,and 4F 3/2), we have obtained the Judd-Ofelt (J-O) 
parameters using least-squares method and these results are shown in Figure 3 in function of the Er3+ concentration. 
The refractive index (n) of diverse Er3+ doped tellurite glasses used in the calculus of the J-O parameters in the 
interest spectral range was obtained fitting with Sellmeier’s function of type 22
2
1)(
B
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Sellmeier’s parameters were obtained adjusting with the refractive index measured experimentally in the 632.6, 
1305.4 and 1536nm wavelengths. In the table 1, are shown any these results that are utility in the calculus of J-O 
parameters. 
 
Table 1. 70TeO2-19WO3-7Na2O-4Nb2O5 glasses with diverse Er3+ concentration as well as 
   refractive index and density values.  
 
Er2O3 Content  
(ppm) 
Er3+ Content (1019 
ions/cm3) 
Density 
(g/cm3) 
 
(632.8 nm) 
n 
(1305.4 nm) 
 
(1536 nm) 
 
1000 
2500 
5000 
7500 
10000 
 
1.57 
4.10 
8.10 
12.13 
16.27 
 
5.34 
5.40 
5.42 
5.43 
5.47 
 
2.0357 
2.0412 
2.0496 
2.0406 
2.0476 
 
1.9856 
1.9914 
1.9990 
1.9907 
1.9970 
 
1.9803 
1.9856 
1.9931 
1.9856 
1.9914 
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 Fig. 2 Absorption Cross Section for sample with 2500ppm of Er2O3 content. 
 
J-O parameters are related to the crystalline field, thus glasses with different matrix will have different J-O 
parameters. These results obtained in this work have full agreement by others authors in telluride glasses [7-9]. The 
influence of these parameters will be in the radiative lifetime value. We observed that the Ω2, Ω4, Ω6 parameters 
have similar behavior in function of Er3+ concentration and Ω6 parameter is always 40% around smaller than Ω4 
parameter as well as Ω4 parameter is 80% around smaller than Ω2 parameter. The line strength electric dipole Sed is 
proportional to 0.019Ω2+0.12Ω4+1.46Ω6, and this quantity is very dependent of the Ω4 and Ω6 parameters 
principally. The results in the figure 3 shown that the Ω4 and Ω6 parameters for 1000ppm Er2O3 content are greater 
than for 7500ppm Er2O3 content and the consequence of this result, the lifetime of the 4I13/2 excited level decrease for 
smaller Er3+ concentration, and this behavior is observed in the figure 4. 
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The calculated and experimental lifetime results are shown in the figure 4, and we observed that both shown similar 
tendency but always the lifetime experimental is minor than lifetime calculated from J-O parameters. From these 
lifetime results are possible obtain a parameter characteristic of amplification gain, which is the quantum efficiency 
(η) as well as the nonradiative transition probability (WNR). These results are shown in the figure 5 and we observed 
that quantum efficiency increases in 10% around for 7500ppm Er3+ concentration compared with 1000ppm to 
2500ppm Er3+ concentration and the quantum efficiency maximum is for Er3+ concentration 7500ppm around. The 
nonradiative transition probability decreases in 40s-1 proximally for 7500ppm Er3+ concentration compared with 
1000ppm Er3+ concentration and the nonradiative transition probability minimum is for 7500ppm Er3+ concentration. 
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A. Jha et al have shown that the tellurite glasses have multiple dopant sites for Er3+ ions, and that the 4I13/2 emission 
exhibits a considerable inhomogeneous broadening due to significant variation between the dopant sites [10]. The 
emission inhomogeneous broadening too is related with absorption inhomogeneous broadening, which is observed in 
the absorption cross section measurements (figure 6) for different Er3+ doped –TeO2-WO3-Na2O-Nb2O5 glasses, and 
is this fact responsible by the lifetime decreasing while the Er3+ concentration decrease. Then for tellurite glasses 
with small Er3+ concentration, the effect predominant in the 4I13/2 level lifetime is the related with the crystalline field 
Fig. 3  The Judd-Ofelt parameters for  
different Er3+ concentrations.  
 
Fig 4  Lifetime calculated and experimental of 4I 13/2 to 
4I15/2 transitions, for different Er3+ concentration. 
 
Fig. 5 The Quantum efficiency and nonradiative 
probability transition as the Er3+ concentration 
function. 
 
Fig. 6 Absorption cross section for different Er3+ 
concentration in tellurite glass.  
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 while for high Er3+ concentration the effect predominant is the related with other processes as energy transfer 
process. 
 
4 CONCLUSIONS 
 
The Judd-Ofelt parameters found in this work are in full agreement with the correspondents for tellurite 
glasses, as well as the behavior of the radiative lifetime. The maximum quantum efficiency value was encountered 
7500ppm Er3+ concentration around. In tellurite glasses with smaller Er3+ concentrations, the effect predominant in 
the behavior of the 4I13/2 excited level lifetime, is principally related with the crystalline field Er3+ ion around, which 
is responsible by emission inhomogeneous broadening and is this crystalline field that have an influence direct in the 
lifetime. The influence of this crystalline field is observed in absorption cross section broadening for smaller Er3+ 
concentration. 
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